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ABSTRACT 
Business Intelligence (BI) dashboards are in high demand in the industry, but our knowledge about how to 
design BI dashboards for companies is currently dominated by best practices for data visualisation. This 
paper has investigated two research questions: (1) what characterises the state-of-the-art BI dashboard in 
organisations and (2) how should it be designed to facilitate decision making? Based on three years of 
empirical data, we analysed the evolution of BI dashboards within the global procurement division of a large 
logistics company. As a contribution, we propose a framework for BI dashboard design consisting of six 
design questions and answers. This study should be of interest to the BI research community, as well as 
developers and vendors in the industry. 
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1. INTRODUCTION 
Business Intelligence (BI) enjoys many definitions but the overall aim is to support decision making by 
turning data into actionable information (Turban, Sharda, & Delen, 2014), by providing the “…right tool for 
the right user – and the right use case” (Howson, 2014, p. 243). This information has traditionally been 
delivered in static reports with rows and columns. In many situations, this is sufficient, but the prevailing 
problem of today is “rich in data and poor in information”. Emerging BI tools and techniques are finally 
addressing this problem, not only for decision makers in organisations, but also for consumers in everyday 
life. A dashboard is an end-user application of a BI solution (Chaudhuri, Dayal, & Narasayy, 2011) and 
dashboards have now become ubiquitous (Sharda, Delen, & Turban, 2014), however both practice and 
industry lack definitions of modern dashboards (Yigitbasioglu & Velcu, 2012).  
Imagine the following scenario: If you want to buy a new apartment, you can search for housing 
advertisements in the newspaper. This is an example of reporting: static rows and columns, perhaps grouped 
after neighbourhoods or cities. “There is a nice apartment with two bedrooms!” you think happily, only to 
find out that is it completely out of your financial budget. Online websites allow you to identify your requests 
by filtering price, location, size, and more. You can save your query in order to be alerted when an apartment 
is registered for sale, usually by e-mail. However, imagine combining this with information about your 
balance on your bank account which would automatically calculate how much loan you would have to apply 
for, and waiting time for your children at the affiliated nursery school, expected time to travel to your 
workplace for you and your spouse, along with a map of pollution areas from traffic, which could also 
calculate your expected duration of life, based on your health history? This information would all change and 
reload whether your starting points are apartment size, specific locations, or within budget, low-pollution 
areas, or other relevant input: all in one screen, a few clicks away from you as a user. This is a potential 
Business Intelligence dashboard with relevant cross-visual interactivity.  
However, both academia and industry lack definitions and guidelines for dashboard design (Yigitbasioglu & 
Velcu, 2012). A dashboard is commonly defined as: “Visual display of the most important information 
needed to achieve one or more objectives; consolidated and arranged on a single screen so the information 
can be monitored at a glance” (Few, 2006, p. 34). However many issues arise: What is important 
information? How much information (or how many Key Performance Indicators) should be presented in one 
dashboard? Where should the most important information be placed on the screen? Is all visualisation good 
visualisation in the sense that it will facilitate decision making? What action should be taken if the objectives 
change? In addition to these questions, the existing literature specifically calls for more case studies on 
dashboard design (Yigitbasioglu & Velcu, 2012). 
We became aware of a successful case: in order to try to solve a global sourcing puzzle, a large Norwegian 
logistics company developed a BI dashboard in 2012. By creating data relationships from previously siloed 
systems and data sources, the senior managers got insights into new business dimensions such as contractual 
improvements based on actual financial activity by geographical location.  
Our aim is to explore this case, and we narrowed our research questions to: (1) what characterises the state-
of-the-art BI dashboard in organisations and (2) how should it be designed to facilitate decision making? In 
order to answer this we first studied the extant literature on BI dashboards and related disciplines such as 
data visualisation, information design and visual perception. Then we analysed the case company’s 
development of their BI dashboards. Based on the collected data from the case company, we discussed our 
findings in relation to the extant literature. Finally, our contribution for practice and research is a framework 
for BI dashboard design, which is found in table 2.  
2. LITERATURE REVIEW 
We started by identifying a fairly recent literature review on dashboards conducted by (Yigitbasioglu & 
Velcu, 2012). From this review, we worked our way both backwards and forwards, and included well-known 
research on BI and visualisation from journals, conferences and books.  
We found that the BI literature has a common understanding of being data-driven with the aim of supporting 
decisions. A BI solution is typically three-layered with a data source layer as fundament, followed by a 
business logic layer and the presentation layer on top, see for example (Chaudhuri et al., 2011). Lately the 
term Big Data has been incorporated under the BI umbrella term (Chen, Chiang, & Storey, 2012; Lycett, 
2013). The presentation layer is where the end-user or decision maker will find the data in various 
applications. The presentation can come in the form of two-dimensional reports, scorecards, dashboards, and 
data mining (sophisticated searches and queries) (Watson, 2009). Visualisation can be applied in all of the 
aforementioned applications. Quoting Lycett:  
“Unsurprisingly, the sophistication of data visualisation is increasing alongside the need to present 
more complex data in more aesthetically pleasing and informative ways – both quickly and clearly. 
Aside from sophistication, trends in the visualisation and presentation of data are toward it being 
dynamic and interactive and selfservice in nature (from a business intelligence perspective at least)” 
(Lycett, 2013, p. 386).  
According to Davenport et al., data visualisation is important in order to stay close to data. For example, by 
looking at a simple graph the decision maker can notice a pattern or relationship (Davenport, Harris, & 
Morison, 2010). When it comes to visualisation a large part of research leans to cognitive psychology. Many 
classical examples exist on how the human brain is fooled by context and previous experience (Ariely, 2009). 
When we searched for “Dashboard definition” the most cited source was by Stephen Few: “Visual display 
of the most important information needed to achieve one or more objectives; consolidated and arranged on 
a single screen so the information can be monitored at a glance” (Few, 2006, p. 34). Few focuses on visual 
perception and provides many guidelines such as: avoid 3D graphics, use bar charts instead of pie charts, use 
a neutral background colour, and avoid using of the colour red unless it is for alerts. Figure 1 illustrates a 
dashboard for sales. Some studies are also including eye-tracking devices in order to investigate how the 
decision maker uses data formats. For example, decision makers typically preferred to look at graphs for 
trends, but tables for decisions which required calculation (Johannesen & Fuglseth, 2014). The authors 
concluded that a dashboard should contain both data formats if the decision maker’s task is complex. 
 
Figure 1: An example of a dashboard (Few, 2006, p. 177) 
Dashboards started out at static reports for management, and were later split into monitoring screens at 
operational level and balanced scorecards at strategic level, the latter being coined by Kaplan and Norton in 
1992 (Sharda et al., 2014). In a way we can say that a balanced score card is a “report card for management” 
(Christensen, Gottschalk, Grønland, & Nilsen, 1995), measuring not only finance but also customers, 
processes and internal competence. Figure 2 shows an example of a balanced scorecard with four Measures 
and Targets: Increase Net income growth with 25%, increase Maintenance retention rate with 15%, improve 
Issue turnaround time with 30%, and reduce Voluntary turnover rate with 25%.  
 
Figure 2: An example of a balanced scorecard (Turban et al., 2014, p. 361) 
Balanced scorecards where invented primarily for management, dashboards were created for monitoring 
operational performance (Sharda et al., 2014), although we find dashboards constructed for all levels: 
strategic, tactic and operational (Eckerson, 2006). A dashboard typically contains structured data which is 
presented in the form of alerts, trends, and it requires little training from the end-user (Watson, 2009). In a 
survey by Howson, first conducted in 2007 and replicated in 2012 (see figure 3), we noticed that dashboards 
had moved to the top of companies’ priorities, and that balanced scorecard had completely disappeared from 
the list.  
 
Figure 3: Dashboards are on the very top of organisations’ priorities (Howson, 2014, p. 276) 
In figure 2 we noticed the focus on objectives, measures and targets. These terms can be measured by Key 
Performance Indicators (KPIs). A KPI is a predefined measure of performance against a strategic objective 
and goal for internal management (Sharda et al., 2014). Visualising KPIs is one key issue of dashboards, and 
before we turn our attention to visualisation, we will explain KPIs. A good KPI should follow the SMART 
criteria (Doran, 1981). The acronym SMART stands for (Doran, 1981, p. 36):  
Specific – target a specific area for improvement. 
Measurable – quantify or at least suggest an indicator of progress. 
Assignable – specify who will do it.  
Realistic – state what results can realistically be achieved, given available resources. 
Time-related – specify when the result(s) can be achieved. 
In addition, KPIs are often coded in software, enabling visual display of performance, such as red, green, 
yellow (Sharda et al., 2014). The importance of presenting data and communicating information is stressed 
by Tufte & Weise Moeller (1997). They describe the Challenger disaster where critical information was 
presented in an unclear manner – we can say that it was hidden in a two-dimensional column report – and in 
an unfortunate format, which in this case was PowerPoint. As such, some researchers, Tufte included, are 
critical to the use of traditional PowerPoints when giving presentations to an audience. While the use of 
PowerPoints is beyond the scope of this study, we can learn from Tufte and Weise Moeller that presenting 
data is important so that the adequate decisions and actions can be made.  
In their literature review, Yigitbasiouglu and Velcu identified five future research areas: Functional Fit, 
Cognitive Fit with User Tasks and Knowledge, Cognitive Fit with User Personality, New Dashboard Design 
Features, and Organizational Factors. The authors view Dashboard Design Features not as visual 
presentation, but rather technological functions such as zooming and integration with workflow management 
systems (Yigitbasioglu & Velcu, 2012). 
Summing up the literature review we noted that, first, there is a call for more empirical research on 
dashboards. According to Yigitbasioglu & Velcu, there is a need for explorative case studies and surveys. 
Second, we noted that on the one hand, existing guidelines are either very specific, regarding type of colours 
and graphs instead of pie-charts (as provided by Few) and on the other hand, definitions are lacking 
(Yigitbasioglu & Velcu, 2012). We find the lack of a definition and guidelines unfortunate. For example, we 
believe that we need a definition of BI dashboards so that we can differentiate them from a website or a 
portal. In the next section we present an overall method and describe the case study. 
3. METHOD 
Our overall approach was a case study (Yin, 2014) because we were studying a contemporary phenomenon 
in a real-life context. Although one of the authors has been designing and creating the dashboards, we did 
not have too much control over the events for two reasons. First, we were looking at the evolution of the 
dashboard designs in retrospect, and second, we did not control the end-users’ perception of the dashboards.  
3.1 Presentation of the case company 
Wallenius Wilhelmsen Logistics (WWL) delivers global shipping and logistics solutions for manufacturers 
of cars, trucks, heavy equipment and specialised cargo. It has subsidiaries and branches in all continents, 
including 13 terminals, 62 processing centres, 57 modern car carriers and RoRo vessels, and an extensive 
network of inland distribution. It has a workforce of more than 6000 employees worldwide. 
In an effort to improve strategic supplier-related and process areas, the Global Procurement department in 
WWL established, in 2012, seven Key Performance Indicators – each with its respective improvement target. 
These areas had not been measured before. The company was established in 1999, but its parent groups date 
back to the 19th century. 
The layout chosen for this performance measurement was a dashboard, in A4 landscape format; later named 
Rolling Performance Dashboard. It was designed using best-practice techniques such as that taught by the 
data visualization experts Steven Few and Rolf Hichert. Also, a scorecard was integrated at the centre of the 
dashboard in order to measure progress in each KPI and overall performance. All KPIs in the dashboard were 
meant to be read from left to right. Whereas context and legend were displayed in the main page of the 
dashboard, definitions and metrics were later displayed on a similar layout in a supporting page. 
The Rolling Performance Dashboard was prepared and published on a monthly basis using Business 
Intelligence tools, and made available to relevant staff – one Rolling Performance Dashboard per operational 
region or market performing area.  
3.2 The evolution of the Rolling Performance Dashboard 
To improve the business and processes in scope, the Vice President of Global Procurement had the mandate 
to anchor – through his counterparts in all geographical regions – required actions with different stakeholders, 
primarily within Accounting and Contract Management departments worldwide.  
Regular monthly meetings were held, separately with each region, in order to discuss the status and action 
plans required to improve all business and operational areas covered in the Rolling Performance Dashboard; 
each meeting lasted approximately two hours and the dashboard was used to review, systematically, each 
KPI. Other ad-hoc business subjects were also discussed in the meetings, and documented in the meeting 
minutes.  
The key business and operational areas were:  
1. Payment terms 
2. Number of suppliers 
3. Service Level Agreement 
4. Invoice coding compliance 
5. Agreement upload  
6. Need process (forthcoming procurement processes)  
7. Invoice value distribution 
Within 7 and 12 months, respectively, significant improvements were made in two of the KPIs (Invoice 
Coding Compliance and Payment Terms) to the extent that the former was replaced by a new strategic target-
based KPI – Cost Savings. Figure 4 shows the Rolling Performance Dashboard. 
 
Figure 4: The Rolling Performance Dashboard (printed with permission and anonymized information) 
3.3 Data collection and analysis   
We were able to access the quarterly dashboards from July 2012 to March 2013 and monthly dashboards 
from March 2013 until May 2015, with three major revisions within that period. In addition, we had forty 
detailed meeting minutes from September 2013, which mainly focused on business value. Each meeting 
started with contemplation of the dashboard. We conducted one informal interview with the Vice President 
of Global Procurement. Finally, in order to investigate how the end-users of the dashboard perceived it, we 
conducted an anonymous survey during June 2015 among the procurement management team members in 
the company. The managers had either global or regional responsibility, and they were based in Norway, 
Sweden, United States, and Japan. The participants of the survey worked in WWL offices located in these 4 
countries and had responsibility for other countries in their respective continents. Due to this fact, we decided 
to conduct a survey rather than face-to-face interviews. Based on the literature review we created ten 
questions using Survey Monkey, which were sent to eight participants by e-mail. The e-mail explained the 
purpose of the survey and contained the link to the questions (listed below) in Survey Monkey.   
1. What is your educational background?  
2. Can you please type your job title and your main area of responsibility? 
3. In your previous jobs (outside WWL) – have you used a performance management dashboard before? 
4. How often do you use the WWL Procurement Dashboard? 
5. When you first started using the WWL Procurement Dashboard, what was your first impression? 
6. Has the WWL Procurement Dashboard helped you manage your area of responsibility in your job and, 
if so, can you please describe how? 
7. How often would you prefer an update of the data in the dashboard? 
8. Below is a print screen of the dashboard with numbers of the sections (KPIs). Can you please rank the 
importance of the sections (KPIs)? For example, if the scorecard in the middle gives you the most 
value, then start by 7. 
 
 
 
9. How many KPIs do you think is appropriate (it now counts 7)? 
10. What do you think about the layout (as shown in question 8)? 
11. Other comments? 
Source Scope/Participants Time period Outcome 
Dashboard models Global Procurement July 2012 – May 2015 3 print screens 
Dashboard archives Global and Regional 
Procurement 
July 2012 – May 2015 28 documents with average 5 
dashboards each 
Meeting minutes Global and Regional 
Procurement teams 
September 2013 – May 2015 40 textual documents  
Informal interview Vice President of 
Global Procurement  
Spring 2015 Permission to conduct survey 
Survey Users of dashboards Spring 2015 7 answers (text and ratings) 
Table 1: summing up our collected data with outcome. 
From the collected data as shown in table 1, we analysed data by first describing the case company with some 
background information and the evolution of the dashboards. Then we studied the meeting minutes and wrote 
a chronological summary. The answers from the survey amounted to 7 and we mainly used categorisation 
and summarisation techniques for analysis. We present our findings in the next section. 
4. FINDINGS 
When we analysed the evolution of the Rolling Performance Dashboard we found that the following layout 
was optimal: an underlying three-by-three grid and an integrated balanced scorecard in the middle, see figure 
5 below. There are never more than eight KPIs in addition to the balanced scorecard in the middle. As figure 
6 illustrates, it is possible to expand the size of a KPI by merging two sections. To reflect properly the 
performance of the “expanded” KPI, the adjacent scorecard areas in the middle are also merged. Based on 
the analysed data, seven was the most commonly used amount. The amount of seven coincides with Miller’s 
classical study where he found that humans are capable of processing seven (plus or minus two) 
measurements at a time (Miller, 1956). 
 
Figure 5: Main underlying design layout: three-by-three grid with the embedded scorecard 
 
Figure 6: Various layouts for Rolling Performance Dashboards 
In the centre of the grid, each outward box indicates the performance (versus target) for the KPIs located in 
their respective adjacent spatial location within the dashboard, whereas the box in the very centre indicates 
overall weighted performance. If new KPIs are added (meaning replacing other KPIs) then new weighting 
is done based on business priorities and, by definition, the performance keeps rolling. Thus enabling 
continuous performance management towards an overall target.      
4.1 Results of the meeting minutes 
Based on the dashboard archives and the meeting minutes from the Global Procurement Division in 
Wallenius Wilhelmsen Logistics, the commencement of the Procurement Dashboard – as a Performance 
Management Tool – dates back to 2012. The first version included year-to-date values as of the third quarter 
of that same year. The notes indicate that primary emphasis was on target setting per KPI, by four 
geographical regions. Once all targets were in place, the progress towards such targets was discussed in the 
monthly meetings. Adjustments made to the context of some of the KPIs were also discussed. Such 
adjustments were primarily requested by business stakeholders, mainly to exclude areas with no 
business potential. 
According to the meeting minutes and the dashboard archives from 2013, rapid improvements in performance 
were registered in the KPIs located at the top and top-left corner of the dashboard, whereas low progress 
towards target was recorded in the KPIs located at the bottom-right corner of the dashboard. Improvements 
in the top-left KPI meant quick cash flow gains for the company; payment terms improvements, whereas 
improvements to the bottom-right KPI entailed complex preparations with long term prospective; 
forthcoming procurement processes. Having learned from Few’s principles at a workshop in Vienna in 2011 
(Few, 2011) that the human attention, at least for those who read from left to right, is drawn towards items 
located on the top-left of a dashboard, the procurement dashboard designer placed one of the most important 
KPIs on the bottom-right area. In other words, it was assumed that users would “travel through” other KPIs 
before reaching a very important one from a business perspective. Analogically, the same reason for 
which supermarkets place the milk (and other essential items) at the end of the last aisle. The meeting minutes 
indicated that, on certain occasions, time did not allow for extended discussions of KPIs located on the 
bottom-right side – as they did for the KPIs on the top-left. Discussions always started from the top-left KPI 
and downwards.  
Since improvements reached targets beyond satisfactory levels in KPIs located at the top and top-left side, by 
the end of 2013, those KPIs were modified or replaced by other KPIs. The new KPIs included weighted 
targets towards the overall global performance. These swift KPI replacements, which still allowed to 
maintain global performance measurement at the core, is what coins the dashboard as Rolling Performance 
Dashboard. 
According to the meeting minutes, early in 2014, business stakeholders began to demand more transparency 
of the calculation methods and factual information regarding each of the KPIs. Thus, a second supporting 
page was added to the dashboards. The page included mathematical formulas, tables with target vs actual 
values and clear definitions for each KPI. Towards the end of 2014, business stakeholders began to demand 
drill-down capabilities and cross-visual interactivity – both of which were provided to users by the 
development and implementation of BI reports with advanced tools and multidimensional data modelling. 
Due to technological limitations in the company at that time, these reports, however, did not include the 
performance management scorecard found in the performance dashboard. According to the minutes, 
users expressed high levels of satisfaction with the new BI reports, and thus began to regard the original 
performance dashboard as too static (that is in need of more frequent KPI replacements and drill-down 
capabilities). At the same time, users also started to question the contextual applicability of some calculations. 
Nonetheless, by the time this review was conducted, the performance dashboard was still in use by all team 
members, with clear targets for 2015. The introduction of a higher level dashboard was also being 
considered.    
The meeting minutes are in line with the results of the survey conducted among business stakeholders: users 
deem the dashboard as a good performance management tool, both from a business and design perspective. 
However, some users began to challenge its usefulness due to inability to perform cross-visual interactivity, 
weak agreement in terms of context (leading to data-quality doubtfulness) and low agility in bringing new 
KPIs. Note: no new KPIs were added to the performance dashboard during 2014 or 2015.  
It is highly probable that the introduction of the modern BI cross-visual, interactive, and drillable reports 
moved attention away from the original performance dashboard – for both users and the dashboard designer. 
Another cause of reduced interest in the dashboard could be that, with aggressive targets in place and a major 
corporate restructuring whereby four operational regions were merged into two, performance did not reach 
satisfactory levels in late 2014 (after the merger). In spite of this, management still believed in the need of a 
performance dashboard. In this light, and since the design of the Rolling Performance Dashboard was, in 
general, positively rated by the business stakeholders, the authors of this paper encourage BI vendors to 
explore the possibilities of technically enabling dashboard designers to easily create cross-visually interactive 
dashboards with embedded scorecards – in the format herein proposed. 
4.2 Results of the informal interview with Vice President 
The interview took place at the case company’s premises in May 2015. The Vice President had noted a dip 
in the end-users’ satisfaction of the dashboard and welcomed peer-reviewed research; however, research 
boundaries and ethics had to be established first. We agreed on anonymous feedback from the end-users, and 
a non-disclosure agreement was initiated and signed a few weeks later. 
4.3 Results from the survey 
Our participants counted seven (we sent the survey to eight) who were active users of the dashboard. Their 
backgrounds were dominated by high educational levels, including business administration, engineering and 
law. Their main areas of work responsibility were typically procurement Analysis and contract Management. 
Of the seven participants, only two answered that they had previous experience with using a performance 
management dashboard. Four answered “no experience” and one did not provide an answer. The majority 
used the dashboard on a monthly basis, but one answered weekly and one stated ad-hoc. The answers to what 
their first impression was when they started to use the dashboard was dominated by “impressive” and “good”. 
However, two participants stated “not impressed” and “what is the purpose of this data?”.  
Not surprisingly, these two participants also answered “no” to the following question: “Has the WWL 
Procurement Dashboard helped you manage your area of responsibility in your job?” However, four 
participants were positive: (i) “Initially yes, to drive focus and priorities in target-setting. But soon data 
quality became apparent, so I no longer use it”, (ii) “Yes it has helped expose weak areas and allowed us to 
see improvements as they are implemented”, (iii) “Possible to set targets within specific areas and pin- point 
actions”, and (iv) “To some extent. Savings tracker and number of valid contracts”. 
As we suspected, the preferred update of the dashboard data correlated highly with how often they used it. 
The ones who used it monthly wanted monthly updates, the one who used in weekly wanted weekly updates, 
and the one who used it ad-hoc wrote: “would prefer to have better understanding of the data source to 
answer this question”.  
In one question the participants were asked to rate the KPIs in terms of importance. The question included 
this presentation, which was the latest version of the dashboard with our numbers to denote the location of 
each KPI: 
 Three participants rated KPI number 6 as most important, followed by KPI number 4. None had the 
balanced scorecard as first priority, but it was listed by three of the participants in second, third, and fifth 
place. 
When we asked how many KPIs they wanted, the answers ranged from 3 to 7. One participant added: 
“Maybe it is enough with seven KPIs. The most important is not to have a lot of KPIs”.  
Regarding the question of layout, the participant could tick of Excellent, Very good, Acceptable, Poor, and 
I do not like it. One participant (the same who did not find the dashboard useful) answered I do not like it. 
The rest of the participants were positive, as the print screen from Survey Monkey illustrates (figure 7): 
 
Figure 7: Detailed ratings on visualisation of the dashboard 
 Three participants chose to add comments: “Data quality is the biggest concern I have today”, 
“Comprehensive revision of dashboard is planned as of summer 2015”, and “Too much data to function as 
a true dashboard. Some information is nice to have but not necessary on a dashboard.”   
5. DISCUSSION AND CONTRIBUTIONS 
From the introduction and literature review, we remember the call for more research on dashboards, with a 
specific call for case studies. We will here discuss our findings mapped towards existing research and try to 
assess why the dashboard works. 
Existing research agrees that a dashboard has certain criteria, with the overall goal of visualising KPIs and 
supporting decision making. In the case company the dashboard was used and delivered insights from day 
one. From studying this company, we propose the following framework as shown in table 2: 
 Design question Answer based on this study Why it works, and related research 
1 How many KPIs? Between 5 and 9 At-a-glance, within human capacity for 
processing information (Miller, 1956)  
2 Layout on screen? Based on a three-by-three 
grid, with embedded scorecard 
in the middle 
Allow the business to replace KPIs whilst 
maintaining the monitoring of overall 
performance (Christensen et al., 1995; Eckerson, 
2006; Howson, 2014; Sharda et al., 2014). 
3 How far drillable 
should a KPI be? 
Down to the lowest available 
level, that adds business value, 
within the data source. 
Interactive, so that the decision maker can find 
the root within his/her quest, and trust the data 
(Davenport et al., 2010) 
4 What kind of colours 
and visual principles? 
Follow the guidelines by 
Stephen Few 
Keep the brain from being “fooled” and ease 
decision making (Ariely, 2009) 
5 Main technical feature? Cross-visual interactivity Enable sliced and relative visualization as well as 
scenario analysis (Lycett, 2013) 
6 How much contextual 
information? 
Additional page or hover box 
in each KPI; editable by the 
business owner 
Ensure transparency for all dashboard users (Few, 
2006) 
Table 2: Our proposed framework for BI dashboard design 
Regarding design question 1 (How many KPIs?) we propose seven or eight, based on Millers classic study 
and the response from the participants of our survey. The layout of the KPIs (design question 2) is also 
crucial. The findings from the survey confirm that the bottom-right KPI was amongst the most important for 
the company. To certain extent, the dashboard designer succeeded with the original intention of drawing the 
attention of the end-users to the bottom-right area. Two participants stated that the KPI found in this area was 
the most important KPI, and three others listed this KPI as delivering value.  
However, in terms of the spatial location of the KPIs, in the proposed grid, the results from the survey and 
the meeting minutes provide indication that dashboard designers have two options. They can either (i) place 
the most important KPI (from the end-user’s perspective) at the bottom-right location, or (ii) simply leave 
that space empty or fill it with a logo or picture. Returning to the analogy from section 4.1: if the store places 
the milk in the front, the back aisles would probably never be visited. Whether low performance on the KPIs 
located on the bottom-right side is purely correlated to their spatial location (within the dashboard) is difficult 
to assess, but lower attention to that spatial area during the meetings gives empirical support to Stephen Few’s 
principles. Nonetheless, we would like to conduct a study using an eye-tracking device before drawing a final 
conclusion on where to place KPIs with the highest importance (from the end-user’s perspective). 
Contradictory to Howson’s survey as illustrated in figure 3, the Rolling Performance Dashboard has a 
scorecard embedded. As such, this is a hybrid of the traditional dashboard and scorecard as described by 
(Christensen et al., 1995; Eckerson, 2006; Sharda et al., 2014). This idea of embedding a scorecard in the 
dashboard was the case company’s own idea.  
Design question 3 addresses the drill-down of a KPI, meaning to what extent the user can reach the source 
of the data. From the survey, we noted that one participant was concerned about data quality. We propose 
drill-down as the solution. However, how far down should the user be able to drill? We find that it is not 
necessary to go all the way down to the data lineage/data source layer. It is sufficient to go down to the 
business layer. For example, if the user departs his or her investigation from a global cost category, he or she 
should be able to drill down to invoice number or invoice image. The reason is that it is within this range that 
business mangers find the business value. Managers have no interest in, for example, most metadata items, 
schema names or transformation constraints, which are found between the data source layer and business 
layer. 
Related to design question number 4 (What kind of colours and visual principles?) we were curious as to 
whether Stephen Few is right regarding his many detailed guidelines from his experiences and practice. The 
Rolling Performance Dashboard was intentionally built on the following guidelines from Few (2006), for 
example: no use of 3D graphics, bar-charts instead of pie-charts, neutral background colours. Based on our 
findings from meeting minutes and the survey we dare to claim, YES: Few is right on these guidelines.  
However, visualisation alone does not explain why the case company experienced success with their 
dashboard. Design question 5 deals with the main technical feature, and the answer is cross-visual 
interactivity. We base this answer on the findings from the meeting minutes and recent research provided by, 
for example, (Lycett, 2013). Finally, the last design question, number 6, addresses contextual information. 
This should be added for each KPI, in order to ensure transparency and provide trustworthy data.  
Limitations and suggested further research 
Our paper has several limitations. We would have liked to include more participants in our survey, and we 
plan to do so in a future version. This study is mainly of interest to BI dashboard designers and vendors of 
BI tools. It is less about the end-users, although the aim is to empower the end-user in some way. Therefore, 
we suggest more research on the end-user, for example, future research could include testing the dashboard 
with eye-tracking device in order to gain more knowledge on the user’s eye-movements and how they 
navigate on the dashboard to make decisions from a more controlled scenario. We would have liked to pursue 
the revival of scorecard (now embedded in a dashboard) in greater detail and we hope this case study can 
inspire other companies and researchers to explore this proposed design. 
6. CONCLUSION 
This paper has investigated: (1) what characterises the state-of-the-art BI dashboard in organisations and 
(2) how should it be designed to facilitate decision making? By studying the existing research and the 
evolution of the Rolling Performance Dashboard over three years in a large logistics company, we have 
documented the state-of-the-art BI dashboard in one organisation. From this insight we propose a framework 
(found in table 2), consisting of a set of questions and answers. We have identified six questions that 
developers may ask when they want to design a dashboard with corresponding answers and how they are 
grounded in existing research in order to support decisions. The framework comprises (1) number of KPIs, 
(2) layout, (3) drilling, (4) visual principles, (5) technical feature, and (6) contextual information. We hope 
this study can be useful to vendors, developers and responsible managers of dashboards in the industry, and 
that it contributes to academia with a case study as requested by researchers. 
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